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Genes to Cells CHO et al. which makes a critical contribution to chromosome segregation (Carmena, Wheelock, Funabiki, & Earnshaw, 2012) . CPC is recruited to mitotic chromatin by binding two types of phosphorylated histone. In previous work, we found that Aurora kinase B binds Satellite I RNA to form a ncRNP complex (Ideue et al., 2014) . Depletion of satellite I RNA induces upregulation of Aurora kinase B activity and delocalization of the kinase from centromeres (Ideue et al., 2014) , indicating that satellite I RNA regulates chromosome segregation by controlling the activity and localization of Aurora kinase B (Ideue et al., 2014) . Ferri, Bouzinba-Segard, Velasco, Hubé, & Francastel (2009) reported that Aurora kinase B associates with centromeric transcripts called minor satellite RNAs in mouse. Therefore, association of Aurora kinase B with centromeric transcripts is conserved among mammals.
Sister chromatid cohesion, resulting in bundling of mitotic chromosomes, is required for proper chromosome segregation. Cohesin at chromosome arms is removed by the activity of the cohesin release factor Wings-apart like protein (Wapl) during chromosome segregation (Gandhi, Gillespie, & Hirano, 2006; Haarhuis et al., 2013) . Sororin is a cohesion regulator that represses the activity of Wapl as an antagonist until prophase (Nishiyama et al., 2010; Schmitz, Watrin, Lénárt, Mechtler, & Peters, 2007) . When Aurora kinase B and Cyclin-dependent kinase 1 (Cdk1) phosphorylate Sororin, interaction of Sororin and cohesin is destabilized, resulting in release of cohesin from chromosome arms and decrease in Sororin's ability to protect cohesin from proteolysis at centromeres (Nishiyama, Sykora, Huis in 't Veld, Mechtler, & Peters, 2013) . Until the onset of segregation, Cohesin at centromeres is protected by Sgo1 from proteolysis (Watanabe & Kitajima, 2005) . Sororin is ubiquitinated by anaphase-promoting complex (APC), a multisubunit E3 ligase, and is degraded after entering G1 phase (Rankin, Ayad, & Kirschner, 2005) .
To investigate the mechanisms by which satellite I RNA regulates chromosome segregation, we identified components of the satellite I RNP complex. We found that RBMX (RNA-binding motif protein, X-linked) associates with satellite I RNA exclusively during mitotic (M) phase. Depletion of RBMX caused defective centromere cohesion and abnormal chromosome segregation. The levels of RBMX and Sororin were reduced in satellite I RNA-depleted cells, leading to premature loss of centromere cohesion. We propose that the satellite I ncRNP complex regulates centromere cohesion, as well as Aurora kinase B, during M phase.
| RESULTS

| Identification of proteins associated with satellite I RNA
We previously reported that satellite I RNA, which is transcribed from human centromeres, plays a role in chromosome segregation (Ideue et al., 2014) . In particular, we found that Aurora kinase B associates with satellite I RNA in mitotic cells, and that depletion of this RNA results in elevation of Aurora kinase B activity and its delocalization from centromeres at M phase (Ideue et al., 2014) . To investigate how satellite I ncRNP complexes regulate chromosome segregation, we sought to identify proteins associating with satellite I RNA. To that end, we purified the satellite I ncRNP complex using a biotin-labeled antisense RNA against satellite I RNA (Figure 1a ). This biotin-labeled antisense RNA was added to cell extracts prepared from asynchronized and M phasearrested HeLa cells, and after annealing, the satellite I ncRNP complex was pulled down with streptavidin beads. Satellite I RNA was efficiently amplified by RT-PCR from pulleddown samples from both asynchronized and M phase extracts, whereas no amplified bands were detected in control samples ( Figure 1a) . GAPDH mRNA, which is abundant in the cytoplasm, was not detected in the pulldown samples, suggesting that pulldown of satellite I RNP was specific. In addition, Aurora kinase B, which associates with satellite I RNA (Ideue et al., 2014) , was present in the M phase pulled-down sample, although its amount was low (Figure 1b) . These results supported that the satellite I ncRNP complex was successfully isolated. We then separated the pulled-down proteins by SDS-PAGE ( Figure 1c ). We noticed that the patterns of protein bands differed between M phase and unsynchronized samples, suggesting that the composition of the satellite I RNP complex changes during cell cycle progression.
| RBMX is a component of satellite I ncRNP formed in M phase cells
We detected 2 and 5 protein bands specifically in pulldown samples prepared from asynchronized and M phase cells, respectively ( Figure 1c) . LC/MS analysis of proteins extracted from those bands showed several candidates associated with satellite I RNA in M phase and asynchronized HeLa cells (Table  S1 ). Among them, we selected RBMX, which was identified as a specific component of the M phase complex, for further analysis. RBMX, also called hnRNP G, is involved in regulation of pre-mRNA splicing (Heinrich et al., 2009 ) and sister chromatid cohesion at the centromere (Matsunaga et al., 2012) . Western blot analysis showed that RBMX was present in the pulldown samples from M phase extract, whereas GAPDH was not, suggesting that RBMX was specifically precipitated by the antisense RNA beads and therefore represents a bona fide component of the satellite I RNP complex (Figure 2a) .
Because RBMX contains an RNA recognition motif (RRM) (Heinrich et al., 2009 ) and an RNA-binding domain (RBD) (Kanhoush et al., 2010) , it is likely to associate directly with satellite I RNA. To confirm that RBMX interacts with satellite I RNA, we performed immunoprecipitation using HeLa cell extracts and an antibody against RBMX. RT-PCR analysis revealed that satellite I RNA was co-immunoprecipitated with RBMX in M phase cells (Figure 2b , M phase). By contrast, no satellite I RNA was precipitated in asynchronized HeLa cells (Figure 2b , asynchronized), consistent with the fact that RBMX was exclusively detected in pulled-down samples from M phase-arrested HeLa cells, but not in samples from asynchronized cells (Figure 1c ). Western blot analysis confirmed that HeLa cells expressed RBMX during all cell cycle stages ( Figure 2c ). These results showed that RBMX associates with satellite I RNA only during M phase of the cell cycle.
In M phase, Aurora kinase B also associates with satellite I RNA (Ideue et al., 2014) . To examine whether RBMX and Aurora kinase B are present in the same complex, we carried out an immunoprecipitation analysis using M phase-arrested cell extract and anti-Aurora kinase B antibody. As shown in Figure 2d , RBMX was not coprecipitated with Aurora kinase B under the conditions used (100 mM NaCl buffer). This result suggested that RBMX and Aurora kinase B form separate satellite I ncRNP complexes, although further analyses are needed to conclude the presence of different ncRNP complexes.
| RBMX is involved in regulation of chromosome segregation
To investigate the function of RBMX in the satellite I ncRNP complex, we knocked down RBMX using siRNA. Western blot analysis confirmed that the siRNA efficiently depleted RBMX from HeLa cells (Figure 3a) . RBMX-depleted cells exhibited abnormal nuclear morphology consisting of multiple small nuclei (a grape-shape phenotype) (Figure 3b , upper panel). We previously reported that depletion of satellite I RNA using an ASO induced a similar morphological phenotype resulting from defective chromosome segregation ( Figure 3b , lower panel) (Ideue et al., 2014) . In addition, we showed that depletion of satellite I RNA results in delocalization of Aurora kinase B, which regulates tubulin-kinetochore binding of tubulins, from centromeres and upregulation of its kinase activity during M phase (Ideue et al., 2014) . To determine whether the knockdown of RBMX also induced similar phenotypes, we immunostained Aurora kinase B in RBMX-knockdown cells and carried out Western blot analysis using an antibody specific for phosphorylated Aurora kinase B, as well as an antibody against total Aurora kinase B. We observed partial delocalization of Aurora kinase B from centromeres and upregulation of Aurora kinase B phosphorylation in RBMX-knockdown cells (Figure 3c and d), suggesting that RBMX is essential for the role of the satellite I RNP complex in regulation of this kinase.
| RBMX and satellite I RNA are localized to chromatin during M phase
To determine the localization of RBMX, we lysed interphase and M phase-arrested cells, separated the chromatin and soluble fractions, and carried out Western blot analysis using several antibodies. As shown in Figure 4a , Histone H3 and GAPDH were detected exclusively in the chromatin and soluble fractions, respectively, indicating that fractionation was carried out successfully. Aurora kinase B was abundant in the chromatin fraction prepared from M phase-arrested cells. By contrast, RBMX was detected in the chromatin fraction of both interphase (asynchronized) and M phase samples, although a certain amount of RBMX was released into the soluble fraction during M phase. This result indicates that RBMX is associated with chromatin throughout the cell cycle.
We also analyzed the localization of satellite I RNA in the fractionated samples. As shown in Figure 4b , we detected satellite I RNA predominantly in the chromatin fraction in interphase (asynchronized) and M phase-arrested cells, although RBMX showed M phase-specific association with satellite I RNA ( Figure 2b ). These results suggest that during M phase RBMX and satellite I RNA are localized to chromatin, where they carried out their mitosis-related functions.
We then examined whether association of RBMX to chromatin depends on satellite I RNA or not. We knocked down satellite I RNA using ASO, and separated to the chromatin and soluble fractions after arresting at M phase (Figure 4c ). The result of F I G U R E 2 RBMX associates with satellite I RNAs. (a) RBMX was present in the samples pulled down using beads conjugated to antisense RNA oligonucleotides. Western blot analysis was carried out using anti-RBMX or anti-GAPDH antibody. (b) Detection of satellite I ncRNAs in samples immunoprecipitated with anti-RBMX. RT-PCR analyses were carried out using immunoprecipitated samples and satellite I RNA primers listed in Table S2 . (c) RBMX is expressed in all cell cycle stages. Extracts were prepared from cells in the indicated stages after synchronization and subjected to Western blot analysis using an anti-RBMX or anti-GAPDH antibody. (d) RBMX was not coprecipitated with Aurora kinase B. Western blot analysis was carried out using an anti-Aurora kinase B, anti-RBMX, or anti-GAPDH antibody, and Aurora kinase B immunoprecipitated samples prepared from M phase-arrested cells
Western blot analysis using the fractionated samples showed that association of RBMX to chromatin was not affected by depletion of satellite I RNA (Figure 4c ). In addition, knockdown of RBMX did not induce dissociation of satellite I RNA from chromatin ( Figure 4d ). These results suggested that RBMX and satellite I RNA are not interdependent for chromatin association. whether satellite I RNA associated with RBMX is also involved in regulation of cohesion. To that end, we prepared mitotic chromosome spreads from M phase-arrested HeLa cells and analyzed the pattern of sister chromatid cohesion.
In control siRNA-treated cells, sister chromatids were adhered at centromeres by cohesin, and exhibited an X-shape structure ( Figure 5a , upper panel). By contrast, knockdown of RBMX induced premature separation of sister chromatids, consistent with the results of a previous report (Matsunaga et al., 2012) 
| Depletion of Satellite I RNA causes reduction in the levels of RBMX and Sororin
What is the role of satellite I RNA in the ncRNP complex?
We previously reported that satellite I RNA binds to Aurora kinase B and regulates its localization and kinase activity (Ideue et al., 2014) . Because RBMX binds to satellite I RNA, we examined whether RBMX is also regulated by We also measured the amounts of cohesion regulators under satellite I RNA depletion. The levels of Smc3, Wapl, Pds5A, and Sgo1 were unchanged after knockdown of satellite I RNA (Figure 6b ), whereas the level of Sororin was F I G U R E 6 Depletion of satellite I RNA decreases the amounts of RBMX and Sororin. (a and b) Knockdown of satellite I RNA affected the level of RBMX and Sororin, but not those of Smc3, Wapl, Pds5A, or Sgo1. After knockdown of satellite I RNA for 96 hr, Western blot analyses were carried out using anti-RBMX, anti-Sororin, anti-Smc3, anti-Wapl, anti-Pds5A, anti-Sgo1, and anti-GAPDH antibodies. GAPDH is shown as a loading control. The blots were reprobed successively with indicated antibodies after stripping off the one before antibody. Graph shows signal intensity, measured on a LAS-1000, relative to the corresponding level of GAPDH. (c) Expressions of RBMX and Sororin mRNAs were not affected by satellite I RNA depletion. PCR analyses of splicing patterns were carried out using primers complementary to exons 6 and 7 for RBMX, and exon 1-intron 1 for Sororin. mRNA levels were also analyzed using primers complementary to single exons (exon 9 for RBMX, exon 5 for Sororin). GAPDH mRNA was analyzed as a loading control. Graph shows the results of RT-qPCR amplifying RBMX exon 9 and Sororin exon 5, relative to the corresponding values for GAPDH mRNA. Primers are listed in Table S2 . (d) A steady state amount of Sororin was not affected by RBMX knockdown. Cells were transfected with control or RBMX siRNA and subjected to Western blot analyses using anti-Sororin, anti-RBMX, or anti-GAPDH antibody. GAPDH is a loading control. (e) Knockdown of Sororin reduced the amount of RBMX protein. RBMX and Sororin were detected by Western blot analysis using anti-RBMX and anti-Sororin antibody, respectively, after treatment with siRNAs indicated. GAPDH was analyzed as a loading control obviously reduced (Figure 6a) . Sororin is an important regulator of cohesion (Schmitz et al., 2007) , and as with satellite I RNA or RBMX depletion, Sororin knockdown results in premature centromere dissociation (Schmitz et al., 2007) . Because RBMX is involved in splicing, the reduction in the level of RBMX was expected to affect the splicing of Sororin pre-mRNA, leading to a reduction in the level of Sororin, in satellite I RNA-knockdown cells. However, RT-PCR analysis showed no defects in splicing of Sororin or RBMX pre-mRNAs in cells depleted of satellite I RNA (Figure 6c , RBMX exons 6-7 and Sororin exon 1-intron 1). Therefore, it is unlikely that the reductions in the levels of Sororin and RBMX were caused by defective splicing due to down-regulation of RBMX in satellite I RNA-depleted cells.
We then examined the mRNA levels of RBMX and Sororin in satellite I RNA-depleted cells. RT-PCR and RTqPCR using primers targeting a single exon showed that the levels of the mRNAs encoding RBMX and Sororin were not significantly altered in satellite I RNA-depleted cells, suggesting that the reductions in the levels of RBMX and Sororin were caused by a decrease in protein stability or translation (Figure 6c , RBMX exon 9 and Sororin exon 5).
We also investigated whether knockdown of RBMX affects a protein level of Sororin, and vice versa. As shown in Figure 6d , depletion of RBMX did not affect a steady state amount of Sororin. However, in contrast, knockdown of Sororin caused significant reduction in RBMX, suggesting that Sororin is, directly or indirectly, involved in maintenance of the level of RBMX during M phase (Figure 6e ).
| DISCUSSION
Recent transcriptome analyses showed that a huge number of ncRNAs are transcribed from mammalian genomes (Carninci et al., 2005; Katayama et al., 2005; Okazaki et al., 2002) . NcRNAs transcribed from centromeric regions are important for mitotic regulation (Blower, 2016; Jambhekar, Emerman, Schweidenback, & Blower, 2014; Wong et al., 2007) and genome stability in several organisms (Mutazono et al., 2017; Rošić & Erhardt, 2016) . For example, transcription of mouse centromeric regions by RNA polymerase II is important for centromere architecture and function (Bouzinba-Segard et al., 2006; Chan et al., 2012) , and the mouse centromere transcripts associate with Aurora kinase B and regulate its activity (Ferri et al., 2009) . Similarly, satellite III RNAs transcribed from the centromere of the Drosophila X chromosome play roles in kinetochore formation and cell division (Rošić et al., 2014) .
We also showed previously that centromere RNAs are essential for mitotic regulation in human cells (Ideue et al., 2014) . Satellite I RNAs are ncRNAs transcribed from repetitive sequences in human centromeres. Our previous study showed that satellite I RNA regulates Aurora kinase B during chromosome segregation. Here, we showed that depletion of satellite I RNA causes abnormal dissociation of sister chromatids at centromeres (Figure 5b) .
Our previous study showed that Aurora kinase B, a key kinase in mitotic regulation, forms a ncRNP complex with satellite I RNA (Ideue et al., 2014) . Depletion of this RNA caused mis-localization and upregulation of Aurora kinase B activity. In this study, we identified RBMX as an M phase-specific components of satellite I ncRNP. RBMX, encoded on the X chromosome, is also known as hnRNP G. The RBMX protein, which contains an RRM and an RBD (Heinrich et al., 2009; Kanhoush et al., 2010) , participates in regulation of alternative pre-mRNA splicing (Heinrich et al., 2009 ) and the DNA-damage response (Adamson, Smogorzewska, Sigoillot, King, & Elledge, 2012) . In addition, RBMX associates with human metaphase chromosomes (Uchiyama et al., 2005) . Although RBMX was expressed during all cell cycle stages in HeLa F I G U R E 7 Satellite I ncRNP complex regulates the stabilization of cohesin regulators and centromere cohesion. Satellite I RNA associates with RBMX to form a ncRNP complex, which regulates centromere cohesion through Sororin, Wapl and other cohesion regulators. Satellite I RNA is required for proper stabilization of RBMX and Sororin. Knockdown of satellite I RNA results in reduction of RBMX and Wapl-antagonist Sororin, leading to premature separation of sister chromatids caused by association of Wapl to cohesin cells (Figure 2c) , we detected its association with satellite I RNA only in M phase cells. The mechanism responsible for M phase-specific association of RBMX with Satellite I RNA is not clear. Mouse RBMX binds to in vitro transcribed mouse major satellite RNA, a ncRNA transcribed from mouse centromere regions (Maison et al., 2011) , suggesting that the association of RBMX with centromeric RNAs is conserved among mammalian species.
We could not detect interaction between RBMX and Aurora kinase B by the immunoprecipitation assay, at least under the conditions used (Figure 2d ). It is possible that two distinct satellite I ncRNP complexes function in M phase in HeLa cells, although we cannot exclude a possibility that association of RBMX with Aurora kinase B is transient or too weak to be detected by immunoprecipitation. We found that depletion of RBMX induced mis-localization and upregulation of Aurora kinase B activity similar to the cases of satellite I RNA-knockdown cells (Figure 3c,d, and Ideue et al., 2014) . The steady state amount of satellite I RNA was not changed by RBMX depletion, excluding a possibility that the phenomena were caused by degradation of satellite I RNA in RBMX-depleted cells (Figure 4d ). It is noteworthy that knockdown of RBMX resulted in dispersion of Sgo1 from centromeres (Matsunaga et al., 2012) . As a Sgo1 homologue in Drosophila melanogaster is interdependent with the CPC, which contains Aurora kinase B, for centromeric localization (Carmena et al., 2012; Resnick et al., 2006) , there is a possibility that abnormalities of Aurora kinase B by RBMX depletion in its localization and activity are indirect effects through Sgo1. Further analyses are now ongoing to clarify the relationship between RBMX and Aurora kinase B.
Depletion of RBMX caused defects in sister chromatid cohesion and chromosome segregation, suggesting that RBMX is required for these processes (Figures 3 and 5) . Matsunaga et al. reported that depletion of RBMX caused defects in mitotic progression (Matsunaga et al., 2012) . They also showed that RBMX interacts with the cohesin complex and Wapl (Matsunaga et al., 2012) , which promotes dissociation of cohesion (Kueng et al., 2006) . These results suggested that RBMX is involved in regulation of sister chromatid cohesion through its interaction with Wapl.
In RBMX-depleted cells, phosphorylation activity of Aurora kinase B was upregulated (Figure 3d ). Interestingly, Sororin was shown to be phosphorylated by Aurora kinase B and phosphorylated Sororin causes destabilizing its interaction with cohesin, leading to loss of sister chromatid cohesion (Nishiyama et al., 2013) . Thus, it is possible that upregulation of Aurora kinase B activity by RBMX depletion caused premature separation of sister chromatids.
RBMX was partially released from chromatin to the soluble fraction during M phase (Figure 4a ). Cohesin at chromosome arms is known to be delocalized at prometaphase (Gandhi et al., 2006; Haarhuis et al., 2013; Nishiyama et al., 2010 Nishiyama et al., , 2013 Schmitz et al., 2007) , whereas cohesin at centromeres maintains its localization (Watanabe & Kitajima, 2005) . Similarly, a fraction of RBMX bound to chromosome arms might dissociate from chromatin during prometaphase, although further experiments are needed to elucidate this phenomenon.
Cellular levels of RBMX and Sororin decreased in satellite I RNA-depleted cells (Figure 6a ). Because the corresponding mRNA levels were unchanged, it is likely that the stabilities of these proteins were decreased by depletion of satellite I RNA (Figure 6c ). Although the mechanisms that protect these proteins from degradation remain unknown, we hypothesize that satellite I RNA regulates the stability of RBMX and Sororin to execute proper chromosome segregation (Figure 7) . Recently, several groups reported that defective splicing of Sororin pre-mRNA causes mitotic defects (Oka et al., 2014; Watrin, Demidova, Watrin, Hu, & Prigent, 2014) . Because Sororin maintains cohesion by antagonizing Wapl, thereby preventing premature dissociation, downregulation of Sororin expression causes premature separation of sister chromatids (Nishiyama et al., 2010) . We observed no obvious splicing defects in Sororin pre-mRNA in satellite I RNA-depleted cells (Figure 6c ). Therefore, it is unlikely that reduction in Sororin was caused by secondary effects of defective pre-mRNA splicing. We are currently engaged in elucidating the mechanisms by which satellite I RNA controls the stabilities of RBMX and Sororin.
| EXPERIMENTAL PROCEDURES
| Cell culture
HeLa cells were grown in DMEM supplemented with 10% FBS at 37°C and 5% CO 2 in a humidified incubator. Synchronization of HeLa cells in G1/S phase was achieved by treatment with 2.5 mM thymidine for 16 hr, followed by 10 hr release and second thymidine treatment. For synchronization in S and M phases, G1/S phase cells were released for 4 hr and for 6 hr, respectively, and treated with nocodazole as described (Ideue et al., 2014) . For G1 phase synchronization, M phase-arrested cells were released for 8 hr.
| RNA analysis
Total RNA was isolated using TRIzol (Invitrogen). Reverse transcription was carried out using High Capacity cDNA Reverse Transcription Kit (ABI) with 1 μg of total RNA. Random primers were used for reverse transcription of RBMX and Sororin mRNAs, and an M13-tagged specific primer was used for repetitive satellite I RNA. RT samples were subjected to PCR amplification using primers listed in Table S2 .
For quantification of RBMX and Sororin mRNA, qRT-PCR was carried out with a Roche Diagnostic LightCycler using LightCycler FastStart DNA Master SYBR Green I (Roche). Primers targeting exon 9 of RBMX or exon 5 of Sororin were used for amplification. A control sample was used as a qPCR standard. The assay was carried out three times independently.
| Knockdown experiments
Depletion of satellite I RNA using antisense RNA/DNA chimeric oligonucleotides (ASOs) and RBMX using siRNA was carried out as described in Ideue et al. (2014) . Introduction of ASO and siRNA into cells was carried out using Lipofectamine 2000 (Invitrogen). Sequences of ASO and siRNA are provided in Table S2 .
| Immunostaining
HeLa cells were fixed with 4% paraformaldehyde/PBS for 10 min and permeabilized with 0.5% Triton X-100/PBS for 5 min at room temperature. The fixed and permeabilized cells were incubated for 1 hr with primary antibodies against CENP B (sc-25778, Santa Cruz Biotechnology) or Aurora kinase B (sc-14326, Santa Cruz Biotechnology) diluted in 0.5% BSA/PBS, washed three times with PBS, and then incubated for 1 hr with Alexa Fluor 488 goat anti-rabbit IgG or Alexa Fluor 568 donkey anti-goat IgG (Invitrogen) diluted in 0.5% BSA/PBS. After washing with PBS, cells were stained with 1 μg/ml 4′, 6-diamidino-2-phenylindole (DAPI), and then washed again twice with PBS. Stained cells were observed on a Nikon Eclipse Ti-E inverted microscope, and images were captured with a Hamamatsu ORCA-R2 cooled CCD camera using a MetaMorph software (Molecular Devices).
| Mitotic chromosome spreads
Mitotic chromosome spreads were prepared as described in Ohishi, Muramatsu, Yoshida, and Seimiya (2014) . HeLa cells arrested at M phase by nocodazole were incubated in hypotonic buffer (medium: H 2 O = 2:3) for 5.5 min at RT. Cells were then fixed in Carnoy's solution (Methanol: acetic acid = 3:1). Cell suspensions were dropped on a slide glass and stained with 5% Giemsa solution for 7 min.
| RNA pulldown and mass spectrometry
Pulldown of the satellite I RNP complex was carried out as described (Ideue et al., 2012) . Biotinylated ASO was conjugated to Streptavidin MagneSphere ® Paramagnetic Particles (Promega). After separation of the pulldown proteins by SDS-PAGE, proteins stained with Deep Purple (GE Healthcare) were excised and extracted from the gels and subjected to LC-ESI-MS/MS analysis using the QSTAR-ELITE system (AB SCIEX) coupled with the UltiMate-3000 NanoLC system (Thermo Scientific Dionex) as described (Hirayama et al., 2013) . Sequence of ASO was listed in Table S2 .
| Immunoprecipitation, fractionation, and Western blot analysis
Immunoprecipitation and Western blot analysis were carried out as described (Ideue et al., 2012) . Fractionation of cell lysates to chromatin and soluble fractions was carried out as described (Yeh et al., 2015) . Antibodies against GAPDH (sc-25778 or sc-47724), Aurora kinase B (sc-14326), Wapl (sc-98355), Pds5A (sc-50782), and p53 (sc-126) were purchased from Santa Cruz Biotechnology; antibody against phosphorylated Aurora (#2914) was purchased from Cell Signaling Technology; antibodies against RBMX (ab177347), Sororin (ab192237), and Smc3 (ab128919) were purchased from Abcam; and an antibody against Sgo1 (H00151648-M01) was purchased from Abnova. Western blot images were captured and quantified with a LAS-1000 (FUJIFILM) or a Fusion SL (VilberLourmat) equipped with a cooled CCD camera. Western blot analyses for quantification were carried out three times independently.
